L ivedoid vasculopathy (LV) is a chronic disease manifesting as recurrent necrotic and painful lower limb ulcerations. These resolve leaving atrophic porcelainwhite scars with surrounding telangiectasias known as atrophie blanche (AB). The estimated incidence is 1:100,000 individuals, predominantly affecting young to middle-aged females, with a sex ratio of 3:1 (1, 2) .
Histopathology reveals a vaso-occlusive disorder with intraluminal thrombosis of dermal vessels without leukocytoclastic vasculitis (1, 3) . The exact mechanism of this entity is unknown but underlying thrombophilia with abnormalities of coagulation or fibrinolysis, is observed in up to 50% of patients (2, 4) . Plasminogen activator inhibitor-1 (PAI-1) is a major inhibitor of fibrinolysis. The 4G/5G polymorphism of the PAI-1 promoter gene results in enhanced transcription and the 4G allele is associated with increased PAI-1 levels. Impaired fibrinolysis through PAI-1 involvement was observed in several studies, related to increased levels of PAI-1 antigen (5), enhanced activity (6) or 4G polymorphism of the promoter gene (7) .
Recently, a few cases have reported peripheral neuropathy in association with LV, most often mononeuritis multiplex (8) (9) (10) (11) (12) (13) (14) (15) .
Most treatments are based on anticoagulation (1, 3) . Several retrospective studies and case reports have shown a good response to intravenous immunoglobulins (IVIG) in refractory patients (16) (17) (18) (19) . However, in the absence of large prospective controlled studies, there is no recommendation on the dose or duration of medication and as such the optimal therapeutic regimen is unknown.
We performed an observational multicenter study in France reviewing the diagnosis and management of patients with LV. We aimed to assess the clinical and histological features of LV, to identify related coagulopathies including plasma antigenic levels and 4G polymorphism of PAI-1, neurological involvement, therapeutic management and patient outcome.
METHODS

Study design and inclusion criteria
This observational study was conducted in 6 
Outcome and response to treatment
Patients were entered into the observational study at the time of a LV flare. Response to treatment for each flare was evaluated after 3 months as follows: complete healing of ulcers (complete response [CR] ), improvement > 50% compared to baseline (partial response [PR]) or no improvement (no response [NR] ). Within this period, a first evaluation was done after one month of treatment, with the possibility to switch to another treatment if pain relief was not obtained.
Due to the multiplicity of treatments depending on practitioner's choice and the variable frequency of flares from one patient to another, 3 groups were defined retrospectively in order to get a clearer picture of the different disease profiles: long-term remission was defined as the absence of flare for a least 4 years, short-term remission defined as the absence of flare for at least 2 years and active disease when a flare had occurred within the last 2 years.
RESULTS
Clinical characteristics
Eighteen women (70%) and 8 men (30%) were included. 42% of patients were smokers. Comorbidities included systemic lupus erythematosus in one patient, familial hypertriglyceridemia in one patient, renal transplant in 3 patients (2 of whom were HIV positive). There was no history of deep vein thrombosis or pulmonary embolism. Median age at onset of LV was 35.5 years (range 6-67 years). The median time between first skin lesions and histological diagnosis was 3.4 years (range 2.2 months-29.5 years). Median follow-up time was 5 years (range 1.2-9.4 years). Flares consisted of purpura and necrotic ulcers in all cases and livedo reticularis in 85% cases. Sequelae consisted of hyperpigmentation and atrophie blanche in 80-100% of cases with peripheral telangiectasia in 62% of cases. Lesions were affecting both legs in all but one patient, located mainly on the ankle (96%), shin (73%) and foot (dorsum 58%, sole 50%).
Mean duration of flares was 55 days and mean time between flares was 8 months (range 2-36 months). A total of 94 flares occurred during the follow-up period considering all patients together. Fourteen patients (54%) had flares triggered by warm temperatures (summer flares) and one patient by physical exertion. Pain was a constant feature. Mean score of SF-36 for 7 patients was 52/100 and the impact was maximal (score > 50/100) for body pain and physical functioning and the lowest score (44/100) was for the perception of general health.
Histological characteristics
The histopathological findings in skin biopsies are indicated in Table I . Dermal thrombosis was found in all biopsy specimens, mostly in the papillary dermis, but www.medicaljournals.se/acta also in the deep dermis around the dermal-hypodermal junction. A scattered perivascular lymphocytic infiltrate was present in 19 patients (73%) without signs of vasculitis. One patient had a cutaneous "pseudo-polyarteritis nodosa" appearance with circumferential fibrin deposits in the intima, thrombosis of a small artery from the dermis-subcutis junction with perivascular inflammation in the adventitia.
Coagulation disorders
Multiple thrombophilia factors were detected in patients and are detailed in Table SI 1 . Twenty patients (77%) had at least one positive thrombophilia factor; 14 patients (54%) had one factor, 4 patients (15%) 2 factors, one patient demonstrated 3 factors, and one patient had 5 different factors detected. Only one patient had an increased PAI-1 antigen, with a 5G/5G genotype. The 4G/4G (22%) and 4G/5G (45%) genotypes among 9 patients were not associated with high level PAI-1.
Neurological involvement
Of the 20 patients in whom neurophysiological investigations were available, 10 (50%) had a peripheral neuropathy, attributed to LV. Time between the first onset of cutaneous manifestations of LV and the diagnosis of neuropathy ranged from 6 months to 30 years with a median time of 11.4 years. Nine patients had an abnormal EMG, including 3 cases of mononeuritis multiplex and 6 cases of sensory polyneuropathy. One patient had a normal EMG but was diagnosed with small fibre neuropathy confirmed by laser-evoked potentials. Three patients had a sensory deficit and 7 patients had subjective symptoms but a normal neurological examination. There were no cases of motor deficit. The main causes of peripheral neuropathy were excluded (diabetes, alcohol consumption, vitamin deficiency, neurotoxic drugs). Muscle-nerve biopsies were performed in 2 patients (one mononeuritis multiplex and one axonal neuropathy) and revealed a severe loss of myelinated axons associated with vasculopathy made of enlarged and thickened vessels of the epineurium, alterations of the endoneurium with endothelial cell damage and necrosis of capillaries. There was no sign of necrotizing vasculitis, granuloma or pathological deposits.
Therapeutic management
Among a total of 94 flares, 64 (68%) were treated with the following drugs: unfractionated heparin (UFH), low molecular weight heparin (LMWH), fondaparinux, vitamin K antagonist (VKA), antiplatelet agents or IVIG. 16 (17%) other flares were treated with colchicine, dapsone, hydroxychloroquine, oral or topical steroids, or pentoxifyllin. Fourteen flares (15%) were not treated. The most prescribed first-line therapy was heparin-based anticoagulation (UFH or LMWH). In a majority of patients, one or two treatments were tried before an effective response was obtained but 40% of patients required 3 different treatment modalities or more (Fig. S1   1 ). First-line therapy was based on heparin anticoagulation or antiplatelet drugs. VKA was never used as a first-line treatment, nor was IVIG which was prescribed after 1 to 3 other treatment failures. According to the treatment used (Fig.  1) , the mean CR for flares was 83% for heparin (UFH or LMWH), 59% for VKA and only 33% for antiplatelet drugs. IVIG led to CR in 63% of cases and produced at least a PR in 94% of flares.
Patient outcome
Nine patients (36%) achieved long-term remission with the absence of flares for at least 4 years. The median time since the last flare was 6 years. Skin flares were treated successfully with anticoagulation for 7 patients and LV disappeared spontaneously in 2 patients. Five patients had no maintenance treatment; among them, 2 patients achieved remission after smoking cessation and 2 patients with end-stage renal failure achieved remission after renal transplantation. Four patients had a maintenance treatment for secondary prophylaxis: VKA (n = 2), aspirin (n = 1), aspirin + VKA (n = 1).
Four patients (16%) achieved short-term remission with the absence of flare for 2 years. All patients responded to anticoagulation with LMWH and they all received a maintenance treatment after the last flare based on antiplatelet agents: aspirin (n = 2), clopidogrel (n = 1) or dual antiplatelet treatment (n = 1).
Among the 12 other patients in short-term remission, 4 patients had regular flares which responded to anticoagulation in 3 patients and combination of pentoxifylline and hydroxychloroquine in one patient. The other 8 patients (32%) had severe disease with healing taking over 3 months, and no response to conventional antiplatelet or anticoagulation drugs. They all received IVIG. One patient did not respond, and a further patient stopped treatment following an adverse event during the first infusion. For the other 6 patients, a total of 15 flares were treated with IVIG with success: 10 cases of CR and 5 of PR.
Toxicity and adverse events with treatments
Two serious adverse events occurred with fondaparinux: one patient was hospitalized for a thigh hematoma and one patient died of hemorrhagic stroke at the age of 56 years. Two patients treated with IVIG had adverse events; one was diagnosed with aseptic meningitis and another developed neutropenia.
DISCUSSION
In this multicenter observatory study, cutaneous manifestations of LV were similar to those reported previously (1, 3) , confirming the typical clinical presentation of this entity. However, as evidenced by the delay of 3.4 years before diagnosis, LV remains underdiagnosed by general practitioners and dermatologists. Pain is a constant feature impacting on quality of life as observed by SF36 scores. Similarly, Polo Gascon et al. (20) identified a high impact on QoL showing a rise of mean DLQI from 11.37 to 17.83 during active disease, confirming a significantly higher impact with LV compared to other common skin diseases. The use of a specific LV-designed score of QoL would be of benefit in monitoring these patients. In our study, thrombotic occlusion of small dermal vessels with intraluminal fibrin deposits was often associated with segmental hyalinization of the vessel wall, endothelial proliferation or red blood cell extravasation. We observed thrombosis in the deep dermis in 19%, which is a location scarcely reported in other studies (1, 3) . We recommend a surgical incisional biopsy instead of a punch biopsy to confirm the diagnosis of LV, as it should be large and deep enough to analyze the dermo-hypodermal junction to assess hypodermis vessel thrombosis and rule out PAN or any other necrotizing vasculitis. The association of LV and PAN has been reported previously (21) . In our study, only one patient had a pseudo-PAN appearance without any extra cutaneous clinical symptoms of PAN. However, the histological selection of our patients was strict, excluding all cases with signs of vasculitis.
Pathophysiology is not clearly understood but an underlying hypercoagulable state is the cornerstone of the disease. Our thrombophilia screen revealed abnormal coagulation factors in 77% of our patients, a frequency superior to previous studies: 64% in Tran et al. (22) , 52% in Di Giacomo et al. (2) and 50% in Hairston et al. (4) . Hyperhomocysteinemia was frequent (50% of patients) but there were no cases of severe hyperhomocysteinemia (> 50 µmol/l).
PAI-1 has a central role in the inhibition of fibrinolysis through the inhibition of the activators of plasminogen (tissue plasminogen activator tPA and urokinase uPA). PAI-1 has been implicated in LV in 3 previous studies (5-7). In our study, only one patient had an elevated PAI-1 antigen and he also presented with severe hypertriglyceridemia. This association has been reported previously (23, 24) . Of note, we were not able to study PAI-1 antigen for every patient because of the lack of availability of technological equipment in some laboratories. The 4G allele in the promoter region of the PAI-1 gene has been shown to be more transcriptionally active and associated with higher levels of PAI-1. Studies have been discordant about the exact thrombotic risk associated with 4G/5G polymorphism but a recent meta-analysis by Wang et al. (25) has concluded that there was a significantly higher risk of thrombosis with the 4G homozygosity in venous thrombosis. In LV, one patient has been reported with 4G/4G homozygous genotype (7). In our LV population, we found that the distribution of the 4G/4G; 4G/5G and 5G/5G genotypes (respectively 22%, 45%, 33%) was not different to the control samples in the same laboratory or other studies (respectively 30%, 50%, 20%) (26, 27) . We conclude that the 4G/4G polymorphism in the promoter region of the PAI-1 gene was not particularly associated with LV in our patients.
In this observational study we identified different risk factors for LV at each step of the coagulation cascade: disturbance of hemostasis, fibrinolysis defect, autoimmune conditions and rheological disorders. Alone, such abnormalities are not always pathogenic. The combined effect of multiple thrombophilia factors induces an imbalance between coagulation and fibrinolysis, leading to small vessel thrombosis and skin ulceration. The presence of these different hypercoagulable factors can vary over time, explaining the chronic evolution with flares and periods of remission. Additional superficial venous insufficiency can occur, explaining location on the lower legs and heat as a trigger factor. Of note, smoking prevalence rate was higher in the LV cohort than in the general French population: 42% in LV patients vs 32 to 35% of smokers in France (data from the French National Institute for Education and Health). We also noticed a long-term remission after smoking cessation alone in 2 patients. Interestingly, 3 patients received a kidney transplant and 2 of them, HIV-infected, have been recently reported by our team (28) .
To date, peripheral neuropathy is the only known extracutaneous manifestation of LV known. Our study has revealed a striking incidence of peripheral neuropathy in 50% of patients. In two patients, muscle and nerve biopsies identified similar findings of vasculopathy, without signs of vasculitis, as previously documented in 2015 www.medicaljournals.se/acta (29) . Peripheral neuropathy has been rarely described with a total of 9 detailed cases in the literature: one sensory ganglionopathy, one axonal neuropathy and 7 cases of mononeuritis multiplex (8, (10) (11) (12) (13) (14) (15) . Among them, 5 nerve biopsies revealed the same images of axonal loss with a lymphocytic infiltrate, without signs of vasculitis. Gan et al. (9) has reported 6 cases of peripheral neuropathy in their cohort of 70 patients but without electromyographic details. This is concordant with an ischemic process and confirms that the same thrombotic disease occurs in small vessels of the skin and nerves, without any vasculitic process. Interestingly, we describe the first case of small fibre neuropathy associated with LV. It requires special investigations because the conventional techniques (EMG, nerve biopsy) only explore large nerve fibres. This entity is probably underestimated and would explain the high percentage of patients with neuropathic pain despite a normal EMG, persisting after ulcer healing of ulcers.
Finding an effective therapy is a real challenge for clinicians and a consensus is difficult to achieve (30) . Indeed, both response to treatments and outcome remain variable from one patient to another. To date, there are no predictive clinical or biologic indicators for severity or frequency of flares. Evaluation of treatment efficacy is complex because duration of flares can vary and patients might heal spontaneously. However, pain relief seems to be the earliest sign of the healing process.
A recent review of LV treatment by Micieli & Alavi (31) have confirmed that the most prescribed treatment was anticoagulation in 98% of cases. Among anticoagulant therapies rivaroxaban was the most prescribed (54%), followed by anabolic steroids, IVIG and antiplatelet drugs. Rivaroxaban might be an interesting alternative to heparin and easier to manage than VKA (32) (33) (34) . A recent phase 2 study has revealed good efficacy and tolerability for this anticoagulant (34) . Nevertheless, 30% patients required LMWH as a back-up treatment.
In our study, LMWH and antiplatelet agents were the most often used as a first-line therapy and anticoagulation by heparin was the most successful treatment. Fourteen of our patients (56%) had a good response to anticoagulants. Tinzaparin sodium was used with a varying duration from 15 days to 3 months until ulcer healing. The convenience of a subcutaneous daily injection promoted compliance. Antiplatelet drugs and VKA appeared to be less effective in our cohort and should not be recommended as a first-line treatment for flares. It is difficult to assess the efficacy of fondaparinux, as only two patients were treated with this medication and both developed major hemorrhagic events.
However, 32% had severe disease with regular flares not responding to anticoagulants. These patients were successfully treated with IVIG: 94% had at least > 50% improvement with 63% going to complete remission. Our data were concordant with previous studies and justified the use of IVIG as a second-line treatment after unsuccessful use of heparin anticoagulation (16) (17) (18) (19) .
Limitations
The question of a maintenance treatment to prevent flares was very difficult to address. We recommend venous compression, especially during summer time to limit venous stasis and edema, which can promote thrombosis (3). As far as possible, thrombophilia factors should be corrected. Some of our patients received antiplatelet drugs or VKA as a long-term therapy. We acknowledge several limitations to this study of a rare disease: small sample population, difficult follow-up with some retrospective data collection, variable frequency of flares both in an inter-and intra-individual way and large diversity of treatments, which made the impact of a maintenance treatment difficult to analyze. It is worth mentioning that 2 patients had LV flares when INR was low and healed with VKA dose-adjustment. The need for maintenance treatment with anticoagulation or antiplatelet drugs or others agents has not been studied in the literature. We propose two treatment algorithms as to illustrate the way we manage patients with LV for initial diagnosis and recurrent flares respectively (Figs S2 and S3 1 ).
Conclusion
Our national observational study confirms that livedoid vasculopathy is a rare disease, justifying an incisional surgical skin biopsy for diagnosis, to rule out vasculitis. Patients should undergo full thrombophilia screening. Interestingly, PAI-1 was exceptionally elevated and 4G/4G polymorphism was not associated with a high level of PAI-1 in our cohort. Peripheral neuropathy was associated with LV with an incidence of 50% and nerve biopsies revealed an ischemic process, confirming that LV is not only a cutaneous but also a peripheral neurological disease. Curative anticoagulation by LMWH seems to be the most efficient treatment, whereas antiplatelet drugs are less effective. IVIG can be an interesting alternative treatment for the most severe patients. However, in this small size study, the benefit of anticoagulation maintenance therapy as secondary prevention has not been well evaluated. Rivaroxaban, with a good efficacy reported by several studies, may be increasingly recommended in the near future.
